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tom is t i c vs con t i n u u m treat men t 

of na nost ru ct u res 
Uniform Si cluster 
- OK -- if # of atoms is larue 
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Atomistic vs continuum treatment 
of nanostructures 

B Uniform Si cluster 
- OK -- if # of atoms is lame 
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tomistic vs continuum treatment 

of nanostructu res 
B Uniform Si cluster 
- OK -- if # of atoms is larue 

NO --Different symmetry => different properties!! 



JP 
Lattice vibrations - phonon 

spectrum I 

Dynamical matrix elements 

t - strain energy 
m, n - indexes for atoms 
M - atomic mass (1 0-26 kg) 
rm, rt-) - coordinate of the m-th, n-th atom 
u=(ux, uy, u,) - displacement of the atom 
5 -- x, y, or z component of u 
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honon spectrum of Ge/Si cubical 

Quantum Dot Crystal (QDC) 
d = 5.5 nm 
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tomistic vs continuum treatment 
of phonons in nanostructures 

Sound velocity 

Lift of 
degeneracy 

Folding modes 

Stop-band 

Continuum 

-average of the 
constituent 
materials 
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Atomistic 

Energy- 
dependent 
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spectrum Effect of strain on phonon 
Ge/Si 4% lattice mismatch 
Gruneisen coefficient 
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Interatomic potential 

model potential 
~ , Keating 

(Harmonic appr.) Scheme of tht 
real potential 

1 

Normalized interatomic distance I 
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Phonons in strained bulk material 
I 

Scheme of the 
real potential 

\ 
\ 

\ 
\ 
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\ 
\ 
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Keating 
model potentia 

(Harmonic 

Anharmonicity :\ 
correct ions 
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JP 
Effect of the anharmonicity on 

strain distribution 
Minimize the total strain energy in the structure 

Scheme of the 1 v 
real potential \ 

1.95 1.05 1.1 

Va len ce-fo rce 

corrections \ 
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3 anharmonicity 
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~ Normalized interatomic distance ! 

field coefficients 
depend on strain 
A v 

correct ions 
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Built-in strain in InAslGaAs QDC 

InAsIGaAs dome QDC 
- Dome QD: Lxy= 20 nm, H, = 7 nm 
- Wetting layer: W = 0.7 nm 
- Periodicity: D = 60 nm, D, = I O  nm 

and P. Bhattacharya, 
APL 76,2571 (2000). XY 
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Band offsets in InAs/GaAs 
nanostructures 

Band offset in 
conductance band 
(meV) is very 
sensitive to the 
hydrostatic strain 

Keating Anh. 
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Average strain depends on 

i n terl aye r d ista n ce 
lnAs 
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Red Raman shift at small separation 
Strain => red shift 

0 LO Confinement => blue shift 

0 5 10 15 20 
Interlayer distance (nm) 

J. Ibanez, A Patane, M. 
Henini, L. Eaves, S. 

Hernandez, R. Cusco, L. 
Artus, Yu.L. Musikhin, and 

P.N. Brounkov, 
APL 83, 3096 (2003). 
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Conclusions 
Only atomistic treatment can reproduce all 
properties of nanostructures 
Anharmonicity of the interatomic potential 
strongly affects 
- Strain distribution 
- Vibration properties 
- Electronic spectrum 

NEM03D is a powerful NanoElectronic 
Modeling tool for the simulation of electron and 
phonon properties of nanostructures with up to 
several million atoms 




